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[57) ABSTRACT

Ionization of air without the use of corona discharge

tips, thereby to avoid the generation of particulates
from corrosion of the corona tips, is accomplished by
use of a laser beam focussed to a small focal volume of
intense electric field adjacent a semiconductor chip.
The electric field is sufficiently intense to ionize air. In
the manufacture of a semiconductor circuit chip, during
those steps which are conducted in an air environment,
opportunity exists to remove from a surface of a chip, or
wafer, charge acquired during the manufacturing pro-
cess. The ionized air is passed along the chip surface.
lons in the air discharge local regions of the chip sur-
face which have become charged by steps of a manufac-

turing process. By way of further embodiment of the
invention, the ionization may be produced by injection
of molecules of water into the air, which molecules are
subsequently ionized by a laser beam and directed

toward the chip via a light shield with the aid of a mag-
netic field.

16 Claims, 2 Drawing Sheets
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GENERATION OF IONIZED AIR FOR
- SEMICONDUCTOR CHIPS

This 1s a continuation of copending application Ser.
No. 07/571,805 filed on Aug. 23, 1990, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to the generation of ionized air
for removal of charges resident on surfaces of semicon-
ductor chips during their manufacture and, more partic-
ularly, to the use of a sharply focused intense laser beam
to ionize air in the vicinity of a semiconductor chip for
discharging a surface of the chip.

During the construction of semiconductor chips hav-
ing electrical circuitry thereon, the construction pro-
cess entails the deposition and etching of materials as a
succession of layers are built up on a surface of the chip
‘substrate. The succession of layers must be kept free of
contaminants to ensure proper operation of the chip
circuitry. A primary source of contamination is the
presence of particulates carried by air in the presence of
the semiconductor chips. The particulates are found
even in clean rooms employed for the manufacture of
semiconductor chips. Typically, the clean room is pro-
vided with high efficiency filters (known as HEPA
filters) for removal of airborne particles from incoming
air. However, particulates are still found in clean rooms.
Particulates generated in clean rooms are charged, gen-
erally. Also, charges develop upon semiconductor sur-
faces during the manufacture of the chips. The charges
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on the chip surfaces produce electric fields which cre-

ate a strong attraction between the airborne particles
and the corresponding oppositely charged semiconduc-
tor surfaces. This phenomenon is the primary cause for
the anomalously large deposition rates of particulates of
small particle size found in chip manufacture.

A technique that has been employed to reduce the
foregoing attraction of particulates is to neutralize sur-
faces of the chip and of the various layers present in the
manufacturing process, as well as to neutralize surfaces
of tools employed in the manufacturing assembly line,
by adding air i1ons to the output air stream from the
foregoing filters. The technique of neutralization em-
ploys the passage of ionized air over the semiconductor
surfaces. For example, typical electric fields produced
by ungrounded wafers or containers are a few hundred
to a few thousand volts per centimeter. The deposition
rate for particles of class 100 air (100 particles per cubic
foot of air) is approximately 100 times lower for envi-
ronments that incorporate air ionization than for envi-
ronments that do not employ the ionization. This is
attributed to the neutralization effect of charges in the
ionized air upon excess surface charges on the semicon-
ductor chips. The discussion of the particle deposition
rate in ionized air is presented in an article entitled
“Equivalence Between Surface Contamination Rates
And Class 100 Conditions” by R. Welker, 1988 Pro-
ceedings of the Institute of Environmental Sciences,
Pages 449-454.

The presence of charges on the semiconductor sur-
face presents an apparent danger to the minute circuit
elements present on the chip. A charged region on the
surface of a wafer attracts small dust particles out of the
air which adhere to the surface and create imperfections
within the chip structure during development of subse-
quent layers of material in the construction of the chip
circuit. Due to the doping of semiconductor materials,
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such a silicon substrate used in the manufacture of a
wafer, by way of example, from the point of view of
static electricity, the surface of the wafer has sufficient

conductivity to be regarded as an equipotential surface.

Contact of the semiconductor surface with an electri-
cally conductive medium may result in a sudden dis-
charge current flowing at a point on the semiconductor
surface. Frequently, the magnitude of such current is
sufficient to damage or burn out elements of the chip
circuit. The voltage, relative to a ground, resulting from
triboelectricity may be very large; for example, the
voltage resulting from ordinary handling of the wafer
during manufacture may be as high as thirty kilovolts. It
is also noted that the dust particles in the air are so small
as to be carried about in the air by Brownian motion:
gravity has little effect on such small particles and has
little effect in inducing a settling of these particles on
surfaces of the chip or tools used in fabricating the chip.
Settling of the particles is accomplished by way of elec-
trostatic forces which attract the particles to surfaces of
the chip and the tools. Some of the dust particles arise
from materials which may be employed in the chip
manufacture.

By way of example, a plastic wafer boat holding a set
of wafers might be impregnated with carbon particles to
introduce electrical conductivity to the boat for
grounding the wafers and reducing surface charges.
However, the presence of the carbon would be a source
of carbon dust. Thus, the introduction of ionized mole-
cules in the air, such as an ionized oxygen molecule, is
most useful in removal of the surface charges without
acting as a source of further contaminating dust parti-
cles. The 1onization process produces both positive and
negative ions so as to be capable of neutralizing both
negatively and positively charged regions on a surface
of the chip. The ionization of the air may be viewed as
introducing an electrical conductivity which bleeds off
charge from the wafer, as by grounding.

Use of the corona tips for ionizing air introduces
particulates, such as sputtered metal, and ions which are
carried by the air to impinge upon chip surfaces. Am-
monium nitrate may precipitate on the points and,
thereafter, separate from the points as dust particles.
The generation of ionized air by corona tips located
distant from the wafer surface loses its effectiveness in
confined spaces, as in a wafer stepper employed for
photolithography, because the physical shapes of ele-
ments of the stepper introduce turbulence to air flow
within the stepper. The turbulence encourages combi-
nation of positive and negative ions and, therefore, pre-
cludes the transport of balanced ionized air to the wafer
surface from a distant source of ions.

A problem with the introduction of ionized air,
wherein the ionization is produced by use of corona
discharge to produce the ionization, is that the ionized
air itself introduces considerable particulate contamina-
tion due to the corrosion of electrode tips used in the
corona discharges. This is disclosed in an article entitled
“Effectiveness Of Air Ionization In Clean Rooms” by
M. Suzuki, I. Matshuhasi, and 1. Izumoto, 1988 Pro-
ceedings of the Institute of Environmental Sciences,
Pages 405-412. Generally, the corona discharge results
in a negligible amount of particles generated in typical
clean-room systems in the 0.1 to 1.0 micron range; a
substantial amount of particles of smaller size is pro-
duced. The production rates of the smaller particles
having diameters in the range of 0.03 to 0.1 microns are
between 100 and 1000 particles per cubic foot per min-
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ute. The dominant generation mechanism appears to be
a sputtering of the corona tips as disclosed by R. P.
Donovan, P. A. Lawless and D. D. Smith in an article
entitled “Polanty Dependence of Electrode Erosion
Under DC Corona Discharge”, Microcontamination,
-May 1986, pages 38-49. In the process of 10nization by
use of the corona tips, the corona tips serve to concen-
trate locally the electric fields to a sufficient intensity
for exceeding the ionization threshold of the air.

However, in view of the introduction of particulate
matter by the corona tips, there is a loss in effectiveness
of the resulting ionized air as a means for discharging
the semiconductor and the tool surfaces in the preven-
tion of contamination of the semiconductor chips.

SUMMARY OF THE INVENTION

The aforementioned problem is overcome and other
advantages are provided by an ionization of air without
the use of corona discharge tips, thereby to avoid the
generation of particulates from corrosion of the corona
tips. During the manufacture of a semiconductor circuit
chip, certain steps such as deposition of a layer on a
substrate or impregnation of a layer with a dopant are
conducted in a vacuum, while other steps such as pho-
~ tolithography are conducted in an air environment.
During those steps which are conducted in an air envi-
ronment, opportunity exists to employ the invention to
remove from the chip charge acquired during the manu-
facturing process. By way of example, the charges on
the chip surface may have been developed by the mech-
anism of triboelectricity wherein matenals used in the
~manufacture of the chip rub against the surface of the
chip. |

In accordance with a preferred embodiment of the
invention, the air is 1onized by a laser beam focussed to
a small focal volume of intense electric field adjacent a
semiconductor chip, the electric field of the laser beam
being sufficiently intense to ionize air. It is noted that
laminar flow of air allows the transport of balanced
ionized air over a distance, however, the turbulent inte-
rior of the stepper precludes such transport. The inven-
tive feature of production of ionized air in-situ, by plac-
ing the focal volume of the laser near to the wafer,
overcomes the problem of transporting ionized air from
. a distant source of ionization to the work area. The
occasional presence of a laser beam for ionizing the air
does not interfere with the movement of mechanical
manipulators and other elements of a stepper and, there-
fore, permits freedom in the use of the stepper. The air

10

15

20

25

35

45

may be passed along a surface of the chip for delivery of 50

ions or, due to the proximity of the ion source to the
wafer, the ions may be allowed to drift to the charged
wafer surface under influence of the electric field of the
charged wafer. The electric field of the charged wafer
attracts oppositely charged ions for neutralization of the
wafer surface which have become charged by steps in a
‘manufacturing process. By way of further embodiment
of the invention, the ionization may be produced by
injection of molecules of water into the air, which mole-
cules are subsequently 1onized by a laser beam and di-
- rected toward the chip via a light shield with the aid of
a magnetic field, the later aiding in retaining separation
of the positive and negative 1ons during transport from
the ion source to the work area.

BRIEF DESCRIPTION OF THE DRAWING

The aforementioned aspects and other features of the
invention are explained in the following description,
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taken in connection with the accompanying drawing
wherein: |

FIG. 1 shows a diagrammatic view of a sequence of
steps in a semiconductor chip manufacture including a
work station having ionized air produced by a laser
beam in an ionization and discharge system constructed
in accordance with the invention;

FIG. 2 is a stylized view of a charged wafer receiving
ions from plasma of a laser beam; and |

FIG. 3 shows a diagrammatic view of ionization

apparatus employing water droplets in accordance with

an alternative embodiment of the invention.

DETAILED DESCRIPTION

The practice of the invention is based on the fact that
intense electric fields can cause breakdown of air in the
generation of plasma. The electric fields may be micro-

‘wave, infrared, optical, ultraviolet, or X-ray, as is dis-

closed in an article by N. Kroll and K. M. Watson enti-
tled “Theoretical study of Ionization of Air By Intense
Laser Pulses”, Physical Review A, Vol. §, 1972, Pages
1883-1905. The phenomena involved are complicated,
the precise power needed to cause air to break down
depending upon the laser wavelength, the duration of a

pulse of the laser radiation, the focal volume in which a

laser beam is focused, the density of the gas (such as the
air) and its composition, and upon impurities which may
be present in the gas.

By way of example in the generation of a suitable
beam of laser radiation at 10.6 micron wavelength (far
infrared) as is produced by a carbon-dioxide laser, pure
air requires an intensity of 10 Joules per square centime-
ter for laser pulses having a duration shorter than 10
nanoseconds. Ionization of air with substantially longer
pulses of the radiation requires an intensity of nearly
1010 watts per square centimeter. The threshold values
of intensity for initiating ionization typically drop for
shorter wavelengths of the laser radiation.

Even in the case of a well-focused high-power pulsed
single mode diode laser, the foregoing exemplary radia-
tion threshold levels are difficult to achieve. By way of
example with respect to the requisite optics, a numerical
aperture (NA) of 0.8 with a laser having a 4 micron
source (emitting facet of semiconductor laser) and an 11
degree divergence (conic angle of emitted beam) the
laser can be focused to approximately 0.6 microns or
approximately 3 X 10—9square centimeters. With a peak
power of 30 watts in a microsecond pulse, the minimum
long pulse breakdown criteria is met for the ionization
of air.

There are various techniques which may be em-
ployed to reduce the requisite threshold of laser beam
intensity sufficiently so as to make practical a laser
ionizer. One technique 1s to preionize the air with
charged particles. A second technique is to include
aerosol particles in the focal volume. A third technique
is t0 use magnetic fields to protect surfaces of nearby
objects, such as a semiconductor chip, from ion bom-
bardment, and to help separate ions of differing charge.

Preionization has been demonstrated to reduce gas
breakdown threshold by substantial amounts, as dis-
closed in an article by R. T. Brown and D. C. Smith,
entitled “Laser-Induced Gas breakdown in the Pres-
ence of Preionization”, Applied Physics Letters, Vol.
22, 1973, pages 245-247. Ion densities in the gas preced-
ing the laser pulse and having a value of approximately
1013 jons per cubic centimeter lower the thresholds for
ionization by carbon-dioxide laser radiation by approxi-
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mately one order of magnitude. The volume of a fo-
cused laser diode spot is approximately 10—13 cubic
~ centimeters. This volume suggests that several ions in
the focal volume will be accelerated by the electric

fields of the ionizing radiation to encourage the ions to

cascade against other atoms to initiate the breakdown
process of air molecules into ions. This effect may be
created by a radtoactive source near the focal volume,
as well as by a pulsed electron beam injector (a vacuum
tube with a window for exiting electrons) near the focal
volume. In this mode, the laser acts essentially as an ion
concentration amplifier. -

In a preferred embodiment of the invention, ioniza-
tion of air is accomplished by use of a Q-switched laser
of neodymium yttrium-aluminum-garnet, and will be
described below with reference to FIG. 1. The laser
outputs coherent radiation which is focused by a lens
into a focal region adjacent a wafer employed in the
construction of a semiconductor circuit. The intense
electromagnetic field of the laser radiation causes initial
breakdown or preionization of the air, this leading to
intense heat, possibly 10,000 degrees Centigrade, which
breaks up molecules of air such as oxygen molecules to
produce both positively and negatively charged ions. In

the presence of an applied electric field, which may be
‘the field of the charged wafer, the applied field tends to

separate the positive and the negative ions. Ions bearing
a charge opposite to the charge of the wafer can be
brought into contact with the wafer to neutralize the
wafer by allowing the ions to drift toward the wafer
under the influence of the wafer electric field which
attracts ions having the opposite charge of the wafer
while repelling ions having the same charge as the wa-
fer. Alternatively, the ions can be brought to the wafer
by a flowing of the air past a surface of the wafer. The
laser is operated by a flash lamp, energy of the lamp
being absorbed in the material of the laser to pump up
the electrons to a high energy level. Radiated power in
the range of 3-10 megawatts for a duration of a few
nanoseconds is produced by the laser. The focal volume
has a circular cylindrical shape having a size, typically,
with diameter of 10 microns and a length of 50 microns.

In an alternative mode of practice of the invention,
1onization of the air is accomplished by introduction of
aerosol particles into the focal volume, as will be de-
scribed below with reference to FIG. 2. As disclosed in
an article by D. C. Smith and R. T. Brown, entitled
“Aerosol-Induced. Air Breakdown with CQ; Laser
Radiation”, Journal of Applied Physics, Vol. 46, 1975,
Pages 1146-1153, small particles in the focal volume of
a carbon dioxide laser cause the breakdown threshold of
~ the air in the focal volume to drop approximately two
orders of magnitude to an intensity having a value of
108 water per square centimeter. This change of thresh-
old value appears to be independent of the composition
of the aerosol in view of the disclosed use of carbon,
clay, aluminum, germanium, and common salts. At the
disclosed intensity level, the peak power required of a
laser diode would be less than one watt, this being
achieved today by commercially available laser diodes.
As will be described with reference to FIG. 3, the aero-
sols will be provided in the alternative embodiment of
the invention by use of water droplets produced by a
vibrating orifice particle generator operating with
highly purified water. The resulting droplets are very
small, having a diameter of approximately one-half
micron, and are generated periodically and irradiated
by the laser to create showers of ions. The utilization of
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the water as a source of ions is most efficient because, in
the absence of evaporative losses of water, a one milli-
liter sample of water would produce a droplet per sec-
ond for thousands of years. Therefore, in the alternative
embodiment of the invention, a small reservoir incorpo-
rated in the ionizer suffices to provide adequate water,
there being no need for external plumbing.

It 1s interesting to note, that with respect to ionizers
employing electrodes in the prior art, that the elec-
trodes are sputtered when neutral molecules near the
electrodes break apart into ions due to the high fields.
Half of the resulting ions must have the opposite charge
as the electrodes, and these ions are accelerated towards
and 1mpact upon the electrode. The use of a magnetic
field can control the direction of movement of the ions,
SO as to prevent an oppositely charged ion from impact-
ing the electrode. With respect to the alternative em-
bodiment of the invention, the magnetic field can also
be used to direct ions in a preferred direction of travel.
This is accomplished by placing the magnetic field lines,
in the manner of a magnetic mirror, parallel to the sur-
faces to be protected, and along the direction in which
the 10ns are to travel. The magnetic field interacts with
the moving charged particles to direct the particles in a

preferred direction, and thereby insulate the surfaces
from the slower heavier ions. The magnetic field also

~ tends to break up the ambi-polar diffusion of oppositely
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charged 1ons thereby impeding a recombination of the
positive and the negative ions.

F1G. 1 shows an optical system 10 useful in the prac-
tice of the invention for the generation of ionized air for
the discharging of a semiconductor wafer 12. The sys-
tem 10 1s useful generally for the ionization of air for
neutralization of electric charges found on the surfaces
of various objects, including tools useful in the fabrica-
tion of semiconductor circuits as well as charges found
on the surfaces of layers of material used in the con-
struction of circuitry on a semiconductor wafer, such as
the wafer 12. In order to show utility of the system 10
in the manufacture of a semiconductor product, FIG. 1
shows a succession of three stages in the many stages or
steps customarily employed in the manufacture of a
semiconductor product, particularly the wafer 12
which 1s to incorporate electronic circuitry upon com-
pletion of the manufacture of the wafer 12. Also, by
way of example, the three stages ate shown at three
different work stations where manufacturing processes
are to be performed upon the wafer 12.

The optical system 10 is constructed in accordance
with a preferred embodiment of the invention, and in-
cludes the aforementioned yttrrium-aluminum garnet
(YAG) laser 14 wherein the YAG is doped with neo-
dymium. The laser 14 employs standard constructional
features including a flash lamp (not shown) and a Q-
switching optical element (not shown) for providing
high-intensity short-duration pulses of radiation. The
system 10 includes a lens 16 and a radiation absorber 18,
the lens 16 lying on an optical path by which the pulses
of radiation propagate from the laser 14 to be absorbed
within the absorber 18. The lens 16 brings the radiation
to a sharp focus within a focal volume 20 wherein the
radiation 1s sufficiently intense to ionize molecules of air
22 to produce 10ns 24.

FIG. 2 shows the generation of the ions 24 in an
enlarged stylized view. The intensity of the beam of
pulsed laser radiation, within the focal volume 20, is
sufficiently intense to produce a plasma containing the
1ions 24, some of the ions being positive ions 24A and
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some of the ions being negative ions 24B. The focal

volume 20 is located adjacent a wafer 26 shown, by way

of example, as a flat disk having an upper surface having
‘regions which are negatively charged. The negatively
charged regions attract the positive ions 24A with a
resultant discharge of the charged regions and neutral-
1zation of the wafer 26. The focus of the laser beam is
located at a distance of approximately 2-3 inches from
the lens 16 (FIG. 1). The focal volume 20 is spaced
apart from the wafer 26 (FIG. 2), or from the wafer 12
(FIG. 1) by a distance of approximately § inch from the
wafer surface. The intense temperatures of the plasma,
as well as the intense electric field of the laser beam in

10

the focal volume 20 inhibit recombination of the posi-

tive ions 24A with the negative ions 24B so that a cloud

13

of the ions 24 can be moved over the wafer surface by |

a dnfting of ions under the influence of the electric field
of the wafer. Alternatively, the cloud of ions can be
moved over the wafer surface by a flow of the air 22
through the focal volume 20 and along the charged
surface of the wafer.

In order to maximize contact of the ion cloud with a

top surface 28 of the wafer 26 (FIG. 2), the center of the

focal volume 20, this being the location of the focus of

the laser beam, is positioned approximately § inch be-
hind the plane of the top surface 28, and § inch from the
cylindrical surface of the edge 30 of the wafer 26. Lo-
cating the focal volume behind the plane of the top
surface 28 is advantageous for shadowing the top sur-
face 28 from ultraviolet radiation which is produced by
the plasma in the laser beam. By way of example, the
top surface 28 may have photoresist which is not to be
exposed to the ultraviolet radiation. The shadowing
protects the photoresist from the ultraviolet radiation.

The wafer 12 is shown with a different configuration
than that of the wafer 26 to demonstrate that the optical
system 10 is operable with objects of different sizes and
shapes. Also, the wafer 12 shows plural layers of mate-
rial, the layers including a substrate 32, a middle layer
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35

34 and a top layer 36. The top layer 36 is divided into a 40

plurality of sections, two of which are shown in FIG. 1,
to demonstrate the construction of portions of circuit
elements. Typically, in the construction of a plurality of
circuit chips on a semiconductor wafer, the thicknesses

of the layers, as measured in a direction perpendicular 45

to a plane of the substrate 13, is very small compared to
the above-noted spacing of } inch between the focus of
the laser beam and the charged surface which is to be
neutralized. Therefore, there is no need to reposition
the wafer 12 as subsequent layers are added to the wafer
in the manufacturing process, which layers are to be
neutralized by the ionized air of the optical system 10.

In FIG. 1, in the exemplary use of the optical system
10 in a stage of manufacture of the electrical circuitry of
the semiconductor wafer 12, the wafer 12 is shown in a
partial stage of completion in a sequence of steps taken
from a procedure of many steps employed in the manu-
facture. In the first step, the wafer 12 is disposed in a
deposition station 38 located in a clean room 40. Fil-
tered air enters the clean room 40 via a duct 42 in a floor
of the room 40. The station 38 is employed for deposi-
tion of layers of material on the wafer 12, and for the
application of dopants to the wafer 12. By way of exam-
ple, F1G. 1 shows a source 44 of photoresist dispensing
the photoresist, within the station 38, upon the wafer 12
to coat the surface of the top layer 36 with photoresist.

The manufacturing process proceeds via arrow 46 to
a further stage in the manufacturing process wherein
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the wafer 12 is removed from the deposition station 38
and placed upon a platform 48 of stepper apparatus
which includes an electromechanical drive 50 for mov-
ing the platform 48 to position the wafer 12 in a photo-
lithographic station $2.

The photolithographic station 52 includes a mask 54,
and a lamp 36 which projects light 58 through the mask
54 to expose the photoresist with an image provided by
the mask 54. It is to be understood that the term “light”
employed in the photolithographic station 52 may in-
clude light of the visible spectrum, as well as infrared
light, ultraviolet light, and radiation of other portions of
the spectrum such as x-radiation. The light 58 exposes
the photoresist at those portions of the mask image
wherein the light impinges upon the photoresist,
thereby to sensitize specific regions of the photoresist to
a chemical bath employed in a subsequent etching step.

In accordance with a feature of the invention, tribo-
electric charges which may have been induced upon the
photoresist during the process of deposition of the pho-
toresist in the station 38 are removed by passing the
ionized air from the optical system 10 across the surface
of the wafer 12 so as to contact the charged regions of
the photoresist with the ions 24. This is accomplished,
as has been noted above, by locating the wafer 12 adja-
cent the focal volume 20 of the optical system 10. By
way of example, the locating of the wafer 12 can be
accomplished by movement of the platform 48 to bring
the wafer 12 to a designated position adjacent the focal
volume 20. In view of the fact that the photoresist is
sensitive to light in a specific range of frequencies,
which range of frequencies might include light pro-
duced by an ionizing optical system such as the system
10, 1t may be desirable to include a light shield 60 posi-
tioned between the laser beam of the system 10 and the
photolithographic station 52 to prevent the possibility
of scattered rays of radiation of the laser beam from
impinging upon the wafer 12. The ionized air would
flow through a passage 62 in the light shield 60.

The manufacturing process then proceeds via arrow
64 to a further stage wherein the wafer 12 is applied
with an etchant from a source 66 of etchant which
removes regions of photoresist designated by the pat-
tern of exposure of the photolithographic station 52.
The wafer 12 is ready now to receive a subsequent layer
of material in the deposition station 38. If desired, prior
to returning the wafer 12 to the deposition station 38,
the wafer 12 may be exposed again to the ionized air of
the optical system 10 to neutralize any charge which
may have developed by use of the etchant. In general it
is presumed during the manufacturing process, that the
wafer 12 will be returned numerous times to the loca-
tion adjacent the focal volume 20 for neutralization of
any charges which may have developed during a pre-
ceding step of the manufacture.

It 1s also noted, by way of convenience in the use of
the invention, that it is possible to employ a plurality of
systems such as the system 10 for neutralizing the wafer
12 at various locations within the manufacturing pro-
cess. Alternatively, it is possible to move, or reorient,
the system 10 to treat the wafer 12 at various locations
of the manufacturing process. Also, it should be noted
that it may be possible to accomplish a number of the
manufacturing steps by retaining the wafer 12 in a fixed
location adjacent the focal volume 20 by moving tools,
such as the mask 34 to allow deposition of a further
material, such as the etchant, in which case the wafer 12
remains in position for receiving the ionized air. It is
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also understood that the etchant might be applied by
dipping the wafer 12 in a bath of etchant (not shown)
after which the wafer 12 would be returned to the loca-
tion adjacent the focal volume 20 for neutralization of
charges which may have developed during the etching.

By way of further example in the manufacturing
procedure, the wafer 12 may receive a wet rinse, after
“which the wafer 12 would be placed alongside the focal
volume 20 of the system 10 to neutralize any charges
which may have occurréd in the rinse process. Charges
are induced also in other manufacturing procedures
such as the sliding of a wafer from one boat to another
boat, in which case the charges are to be neutralized by
ions from the laser. In general, the presentation of the
deposition station 38 in FIG. 1 is intended to represent
a variety of manufacturing steps which may result in the
formation of electric charges on a surface of the wafer
12, which charges are to be neutralized by conveying
the wafer 12 to the location adjacent the focal volume
20. The air used in producing the ionized air is obtained
from the filtered air provided by the duct 42 of the clean
room 40 to insure freedom of contamination of the
wafer 12 duning the manufacturing process. With re-
spect to the flow of air 22 through the focal volume 20
towards the wafer 12, the available convection of air
present in the clean room 40 may be employed as the
source of air flow or, if desired, a fan 68 may be em-
ployed to generate the air flow and direct the air flow in
the desired direction across the wafer 12.

FIG. 3 shows a system 70 for ionizing air, the system
70 being an alternative embodiment of the system 10 of
FI1G. 1. In FIG. 3, the system 70 employs a laser 72
transmitting radiation 74 through a lens 76, the lens 76
focusing the radiation 74 to converge at a focus 78. The
system 70 includes magnetic coils 80 which enclose the
focus 78, and are activated by current provided by a
suitable current source (not shown) to provide a mag-
netic field directed along an axis of the lens 76. A hous-
ing 82 positions the laser 72 and the lens 76 relative to
each other and relative to the coils 80. |

The system 70 further comprises a drop generator 84
having a housing 86 defining a reservoir 88 for the
storage of water. An orifice 90 is provided in a lower
chamber 92 of the reservoir 88 for the egress of droplets
of water, the orifice 90 being positioned along a com-
mon axis of the coils 80. The water reduces the preioni-
zation threshold of electromagnetic intensity in the
focal volume of the laser beam. Instead of water, other
liquid such as alcoho!l or even a solid material such as
dry ice (solid carbon dioxide) pellets may be employed,
and the term “drops” 1s intended to include such other
threshold reduction material. The axis 94 coincides with
the axis of the lens 76 and passes through the focus 78.
An acoustic transducer, such as a PZT (lead-zirconate-
titanate ceramic) driver 96, is located in a back wall of
the chamber 92 opposite the orifice 90 for inducing
vibrations in the water of the reservoir 88. The vibra-
tions of the water result in the generation of minute
droplets of . water which exit via the orifice 90 to pass
through the coils 80 along the axis 94 into the focus 78.
An oscillator 98 electrically activates the driver 96 to
vibrate at the frequency of oscillation of the oscillator
98.

In operation, the radiation 74 of the laser 72 1s con-
centrated by the lens 76 to a sufficient intensity at the
focus 78 to ablate the droplets of water exiting the ori-
fice 90. Ablation of the droplets converts the droplets
into charged ions which interact with the magnetic field
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of the coils 80. Any component of velocity of a charged
ion which is normal to the magnetic field produces a
force which is perpendicular to both the field and the
velocity component resulting in a spiral movement of
the ion about the axis 94. Positively and negatively
charged 1ons spiral 1n opposite directions about the axis
94. This movement of the ions aids in maintaining a
separation between positively and negatively charged
ions as they propagate through an environment of air in
the vicinity of the focus 78.

The ions are carried by an air stream which is guided
through a channel 100 formed within a light trap 102.
By way of example, the light trap 102 may be formed of
metallic vanes 104 extending from the housings 82 and
86. The presence of the ions in the air constitutes ion-
ized air. The fan 68 of the system 10 of FIG. 1 may also
be employed in the system 70 of FIG. 3 for blowing air
of the clean room 40 through the focus 78 and the chan-
nel 100 to pass over the wafer 12. Passage of the ionized
air over the surface of the wafer 12 provides for interac-
tion of the ionized air with charged regions of the sur-
face of the wafer 12 for neutralizing the charges as was

described above for the manufacturing process of FIG.
1

While the above description describes the invention
in terms of semiconductor manufacturing and process-
ing, the described method and apparatus are equally
applicable to the manufacture of reticles, masks, disks
and the like requiring charge removal during process-
ing. |

It 1s to be understood that the above described em-
bodiments of the invention are illustrative only, and that
modifications thereof may occur to those skilled in the
art. Accordingly, this invention 1s not to be regarded as
limited to the embodiments disclosed herein, but is to be
limited only as defined by the appended claims.

What 1s claimed 1s: |

1. A method for generating contamination-free ion-
ized air for discharging an object comprising:

illuminating a region of the air with radiation;

concentrating the radiation in a focal volume adja-
cent the object by directing rays of the radiation
along converging paths which bypass the object,
the concentrating providing sufficient intensity of
radiation to ionize the air:

locating said focal volume at a side of the object to

reduce illumination of a surface of the object by
plasma in the focal volume, said step of locating
including a locating of said focal volume adjacent
an edge of the object to discharge the object by
ions borne by the air; and

flowing the air past the object to bring 1ons of the

ionized air in contact with charged regions on a
surface of the object.

2. A method according to claim 1 wherein said step of
concentrating the radiation provides for in-situ ioniza-
tion of the air near the object.

3. A method according to claim 1 wherein said radia-
tion is coherent radiation, and said step of illuminating
comprises a step of activating a laser to produce a beam
of said coherent radiation, and wherein said object is a
semiconductor wafer.

4. A method for generating contamination-free ion-
ized air for discharging an object comprising:

illuminating a region of the air with radiation;

concentrating the radiation in a focal volume adja-

cent the object to provide sufficient intensity of
radiation to ionize the air;
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flowing the air past the object to bring ions of the
ionized air in contact with charged regions on a
surface of the object;

locating said focal volume adjacent an edge of the
objcct to discharge the object by ions borne by the
air;

wherein said radiation is coherent radiation, and said
step of 1lluminating comprises:

activating a laser to produce a beam of said coherent
radiation; and

dispensing water molecules into said focal volume to
become ionized by said radiation, ionized mole-
cules of the water being carried by the air to pro-
vide said ionized air, said object being a semicon-
ductor wafer.

3. A method for generating contamination-free 1on-

ized air for discharging an object comprising:
illuminating a region of the air with radiation;
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9. A method of manufacturing a semiconductor cir-
cuit on a chip wherein a structure of the circuit com-
prises a succession of layers of materials developed
upon a substrate of a wafer, the method employing
manufacturing steps of photolithography with deposi-

- tion and etching of layers of material to be performed at

10

15

concentrating the radiation in a focal volume adJa- |

cent the objcct to prowdc sufficient intensity of 2
radiation to ionize the air;
flowing the air past the object to bring ions of the
ionized air in contact with charged regions on a
surface of the object;
wherein said radiation is coherent radiation, and said
step of 1lluminating comprises:

activating a laser to produce a beam of said coherent
radiation; and

dispensing drops of a preionization threshold reduc-
tion material into said focal volume to become
ionized by said radiation, ionized molecules of the
water being carried by the air to provide said ion-
1zed air.

- 6. A method according to claim § wherein said step of

conccntratmg the radiation provides for in-situ lomza-

tion of the air near the object.

7. A method of manufactuning a semiconductor cir-
cuit on a chip wherein a structure of the circuit com-
prises a succession of layers of materials developed
upon a substrate of a wafer, the method employing
manufacturing steps of photolithography with deposi-
tion and etching of layers of material to be performed at
different work stations, the method comprising:

positioning said wafer at a work station;

generation ionized air;

contacting a surface of said wafer with the 1omzcd air

to discharge said surface;

performing a manufactunng step upon said wafer at

the work station; and

wherein said generating step comprises the steps of:

illuminating a region of air at said station with radia-

tion;

concentrating the radiation in a focal volume adja-

cent said wafer by directing rays of the radiation
along converging paths which bypass the wafer,
the concentrating providing sufficient intensity of
radiation to ionize the air; and

locating said focal volume at a side of the wafer to

reduce illumination of a surface of the wafer by
plasma in the focal volume, said step of locating
including a locating of said focal volume adjacent
an edge of the wafer to discharge the wafer by ions
borne by the arr.

8. A method according to claim 7 wherein said radia-
tion is coherent radiation, and said step of illuminating
comprises a step of activating a laser to produce a beam
of said coherent radiation.
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different work stations, the method comprising:
positioning said wafer at a work station;

generating ionized air;

contacting a surface of said wafer with the ionized air

to discharge said surface;

performing a manufacturing step upon said wafer at

the work station; and

wherein said generating step comprises steps of:

illuminating a region of air at said station with radia-

tion; and

concentrating the radiation in a focal volume adja-

cent said wafer to provide sufficient intensity of
radiation to ionize the air;

said radiation is coherent radiation, and said step of

illuminating comprises:

activating a laser to produce a beam of said coherent

radiation;

dispensing drops of a preionization threshold reduc-

tion matenal into said focal volume to become
ionized by said radiation, ionized drops being en-
trained in the air to provide said ionized air.

10. A method for generating contamination-free ion-
ized air for discharging an object during a photolitho-
graphic process of manufacture of the object, the
method comprising:

concentrating coherent radiation optically in a focal

volume said concentrating including a converging
of rays of radiation to said focal volume;
1onizing air by flowing the air via the focal volume to
the object, the flowing of the air via the focal vol-
ume allowing the radiation to ionize the air;

locating said focal volume adjacent an edge of the
object for in-situ 1onization of the air near the ob-
ject by directing the rays of radiation to pass by the
object; and

discharging the object with ionized air obtained in

said focal volume, said discharging being per-
formed during said process of manufacture.
11. A method for generating contamination-free ion-
1zed air for discharging an object during a photolitho-
graphic process of manufacture of the object, the pro-
cess of manufacture including a depositing of photosen-
sitive material on a surface of the object, the method for
generating contamination-free ionized air comprising:
- concentrating coherent radiation optically in a focal
volume said concentrating including a converging
of rays of radiation to said focal volume;
1onizing air by flowing the air via the focal volume to
the object, the flowing of the air via the focal vol-
ume allowing the radiation to ionize the air;

locating said focal volume adjacent an edge of the
object for in-situ 10onization of the air near the ob-
ject by directing the rays of radiation to pass by the
object, there being a plasma in said focal volume
emitting a further radiation;

shielding the photosensitive matenal on the surface of

the object from at least one of said coherent radia-
tion and said further radiation:; and

discharging the object with ionized air obtained in

said focal volume, said discharging being per-
formed during said process of manufacture.
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12. A method according to claim 11 wherein said

coherent radiation is produced as a beam from a laser,

and said shielding from said coherent radiation is ac-

complished by installing an opaque shield between the

laser beam and the photosensitive material on the sur-

face of the object. |

- 13. A method according to claim 11 wherein the
surface holding the photosensitive material is planar,

and said shielding from said further radiation is accom-

plished by positioning said focal volume behind a plane

" of the surface holding the photosensitive material.
14. A method according to claim 12 wherein the
surface holding the photosensitive material 1s planar,
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and said shielding from said further radiation is accom-
plished by positioning said focal volume behind a plane
of the surface holding the photosensitive material.

15. A method according to claim 14 wherein said
locating provides for a locating of said focal volume at
a distance of approximately one-eighth inch from the
side of the object, and said positioning provides for a
positioning of said focal volume at a distance of approxi-
mately one-eighth inch behind said plane.

16. A method according to claim 15 wherein said
concentrating provides for said focal volume a maxi-

mum dimension of approximately 50 microns.
* % % %x =



	Front Page
	Drawings
	Specification
	Claims

